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[57] ABSTRACT 

An electrosurgical selectively controllable loop elec- 
trode for laparoscopic surgery is set. forth which in- 



cludes a housing having a longitudinal axis arid an axi- 
ally extending cavity forming a passageway through the 
housing. A shaft member is slideably mounted to the 
housing within the cavity so as to permit axial and rota- 
tional displacement of the shaft member relative to the 
housing. A wire electrode which has a first end segment 
and a second end segment is in electrical communica- 
tion with the shaft member and extends distally there- 
from; the wire electrode also has a bridge segment inte- 
grally interconnecting the first and second end seg- 
ments to form a loop. The end segments are biased by a 
pair of leaf springs of predetermined curvature where 
the springs are internally biased to open upon extension 
of the springs distally from the housing and to close 
upon external forces exerted against the springs by the 
housing during retraction. In another embodiment of 
the invention, the first and second end segments have a 
predetermined equilibirum shape and are self-biased to 
return to the equilibirum shape when displaced there- 
from; the bridge segment integrally interconnecting the 
first and second end segments to form a loop is respon- 
sive to the internal restoring forces created when the 
bridge, segment is displaced from equilibirum and the 
bridge segment articidates radially with respect to the 
end segments through a sequence of predetermined 
shapes. 

9 Claims, 14 Drawing Sheets 
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for moTcellation of myomas, ovaries or other masses 

ELECTROSURGICAL LCMDP ELECTRODE may be selectively established. 

INSTRilMENT FOR LAPAROSCOPIC SURGERY The present invention is directed to an endoscopic 

dectrosurgical electrode loop instrument for. use in the 

FIELD OF THE INVENTION 5 peritoneal cavity for resecting endometriosis or for 

This invention relates to an dectrosurgical loop elec- morcellation of myomas, ovaries or other masses. In 

trodc instrument for use in laparoscopic surgery for the enibodiment, the instrument is comprised of a hous- 

excision of endometriosis, removal of Idomyomata, having a longitudinal axis and an axially extending 

general biopsy, ovarian drilling or wedge resection, cavity through the housing and a metal shaft member 

lapraoscopic utcrosacral. nerve ablation, cytoreduction which is in part insulated and slideably carried by the . 

of ovarian malignancyi and excision of the endome- housing to permit both angular and axial displacement 

trimn in the lower uterine segment following supracer- of the shaft relative to the housing. The shaft member at 

vical hysterectomy. its distal end is in dectrical communication with the 

BACKGROUNDOF^EINVENTION . 

Eiectrosurgical loops have been used most exten- seqmcnt forming a closed and contmuous wire loop. A 

sively in the prior art by urologists who use wire loops pair of leaf springs are oppositely and fixedly mounted 

as components of dectrosurgical resectoscopes to re- to the distal end of the shaft member and are biased in a. 

sect prostatic or bladder tumors endoscopically. Elec- normally open position such that when the leaf springs 

trosurgical loops have also been employed through the 20 are withdrawn into the housing by the shaft member, 

use of the hysteroscope to resect leiomyomas, polyps. the leaf springs will be in a closed position and inter- 

and in some cases the endometrium in patients who nally biased to spring apart upon emergence from the 

suffer from intractable bleeding disorders within the housing. The first and second end segments of the wire 

uterus. , ■ , . o< loop are securely held in bearing relationship with the 

Recently through the use of larger electrode loops, it 25 ^^^^ insulated sheaths such 

has been demonstrated that it is possAle to remove the ^^^^ arcuate or bridge portion of the wire loop re- 

transformation zones of the cervix affected with cervi- ^ uninsulated. This permits current to flow into the 

cal mtraepithehal neoplasis. Concerns ihat therma^ ^^^^ ^ ^^^^ ^ ^ 

damage secondary to dec^osurgical technique would ^ion of the bridge se^ent of the loop. Thik by 

make the removed tissue difficult to evaluate from a 30 ^^^drawing the le^ sprSgs into the hoJng the first 

histopathological perspective have been obviated by " ~* ^ ai^Lm^* miv iii,^ liuiwiu^i tiic 

the development of^erdectrosurgical generators. The f^^ wire electrode lateraQy 

currents devdoped by these new ieneiitors combined toward each other thereby reducmg t^^ 

with improvem^ts in the design of the wire which segment of the wire loop. TTie ^^^^ 

comprises the loop, permit cervical spedmens to be 35 of the shaft member mto or from the housmg, therefore, 

removed with minimal thermal damage and b many s^lectivdy permits the surgeon to choose the appropn- 

instances the thermal damage is less than that assodated ^^Jl^^P resectmg or morcdlatmg body tissue, 

with CO: laser excision: The present state of the art, housing is comprised of a handpiece and a dis- 

however, does not permit the use of dectrosurgical ^ally extendmg insulated tube which has a plurahty of 

loops during laparoscopic surgery within the peritoneal 40 orifices located adjacent its distal end for the mtroduc- 

cavity. Currently available loop electrodes arc inappro- ^ion of irrigation fluid and also for the evacuation of 

priate for laparoscopic surgery in that the fixed design ^^Por resulting from thermal resecting or morcellation 

of the electrodes make thein impossible to use through of body tissue A lumen for the introduction of irrigat- 

the relativdy small diameter laparoscopic ancillary "^g for the evacuation of vapor or smoke 

cannulas. The use of eiectrosurgical loops, however, 45 communicates with a conduit cavity extending through 

within the peritoneal cavity and under laparoscopic the rouhdpiece and insulated outer tube thereby cohsli- 

guidance would allow in many cases relativdy simple tuning a single flow path for evacuated and irrigating 

and easy removal of endometriosis from a number of fluids. 

sites including the ovaries, the uterosacral ligament, the ^ another embodiment of the invention, the loop 

cul-de-sac and the pelvic sidewalls. The use of dectro- 50 electrode comprises a pair of oppositely mounted arcu- 

surgical loop instrumentation presents enhanced cnco- ate cantliever leaf springs which extend distally from 

nomic benefits because the capital costs of electrosurgi- distal end of the shaft meml>er with a convex curva- 

cal loop instrumentation would be far less than that ture relative to the longitudinal axis respectivdy. A 

required for CO2 or Nd-YAG laser-based procedures; flexible bridge wire electrode interconnects and is in 

additiond economicd benefits would dso be achieved 55 electrical communication with the distal ends of the 

through low maintenance of the equipment and reduced cantliever springs whichi are at least in part insulated 

training time of staff technicians and surgeons: and in electricd communication with a metd shaft 

oTTrn^^ A « V i^T-f Y^Ti7T?vrT*Ti-^xi . mcmbCT sHdaWy and rotationaUy mounted to a housing. 

SUMMARY OF THE INVENTION "When the cantliever springs are fully extended distally 

There is. therefore, provided according to the present 60 of the housing, the bridge wire interconnecting the 

invention, an dectrosurgicd lGk)p dectrode instrument springs has an infinite radius of curvature and extends 

for excising cervical tissue in an efficient and hemostatic . laterally the longitudinal axis. Upon retraction of the 

fashion with minimal thermal damage By selectively cantliever springs into the housing, the springs close 

varying the region area enclosed by the loop, various . upon each other and the bridge wire radius sequentially 

sizes and depths of the loop are achievable; and thus the 65 decreases through collapsing concave loop c nfigura- 

appropriate size of loop for resecting endometriosis . tions until fully withdrawn into the housing, 

from the surfaces :or the ovaries or the parietal perito^ In yet another embodiment of this invention, aii elec- 

neum or for removal of larger areas of endometriosis or trosurgical instrument is provided for selectively con- 
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trolling the loop attitude of the electrode. This embodi- FIG. 16 is a left side elevation cross-sectional view of 

ment comprises a housing having a longitudinal axis and . FIG. 15. 

an axially extending cavity tiierethrbugh:.A metal shaft : FIG. 17 is a perspective view of yet another embodi- . 

member: is slideably mounted within the cavity and ment of the endoscopic electrosurgical loop electrode 

. adapted to permit axial and rotational displacement of 5 instrument of this invention. 

the shaft relative to the housing. At the distal end of the FIG. 18 is a perpective view oif the embodiment illus- 

shaft member,' a continuous wire electrode loop has a trated in FIG. 17 where the radius and attitude of the 

futt end segment: and a secoiid end segment where the loop electrode is changed by withdrawal of the loop 

first and second end segm^ts are insulated and in elec- electrode into the housing. 

trical:commumcation with the shaft member; an uninsu- 10 FIG. 19 is a part cross-sectional top view of FIG. 17. 

lated bridge segxnent. integrally interconnects the first FIG. i 20 A is a left side cross-sectional elevatipnal 

and second segments forming a conductor for passage view of FIG. 19. 

of current in the ground potential of the patient. The FIG. 20B :is a cross-sectional view taken along the 

wire has a predetermined shape and is integrally biased lines 20BrO2B of FIG. 19. 

such that external forces acting on the first and second 15 FIG. 21 is a part cross-sectional top view of FIG; 18 

segments by the inner , wall of the metallic conduit of the illustrating the collapsability of the loop , electrode, 

housing during retraction of the wire into the housing . FIG. 22 is a partial cross^-sectional left elevatiohal side 

coUapses the loop through a sequence of predetermined view of FIG. 21. 

shapes and upon extension of the wire from the housinjg, FIG. 23 is a top partial crossrsectional view of FIG. 

the loop expands through a sequence of predetermined 20. 18 illustrating the electrosurgical loop at a sequential 

shapes such that the attitude of the loop is "selectively stage during withdrawal into the housing. ; 

controllable.' . FIG. 24 is a part cross-sectional side view of FIG..23. 

^« * ^,^^r^r^ FIG. 25 is a part cross-sectional top view illustrating 

BRffiFDESCRIPnON OF THE DRAWINGS dectrosurjcal loop of this cmb^unent of the in- 

These and other features and advantages will become 25 vention retracted within the housing. . 

appreciated as the same become better understood with FIG. 26 illustrates a sequence of the resection of body 

reference to the following: specification, claims and tissue using the loop electrode shown in FIG. 17. 

drawings wherein: FIGS. tfa-TJd iUiistrate the use of the dectrosurgi- 

FIG. 1 is a perspective view of one embodiment of cal loop electrode to resect tissue. 

^L'^f^hS^'^r"**^ '"^^ "^"^^ DFTAILED DESCRIPTION 

ment of this mvendon. 

FIG. 2 is a perpective view of the embodiment illus- FIG. 1 illustrates in a perspective view, one embodi- 

trated in FIG. 1 where the radius of the loop electrode ment of the electrosurgical loop electrode instrument of 

is changed by withdrawal of the loop electrode into the this invention. The mstrument is shown m FIG. 1 in a : 

housing. 35 fully extended open position. In order to introduce the 

FIG. 3 is a part cross-sectional top view of FIG. 1. loop electrode into the operative region of the patient, 

FIG. 4A is a left side cross-sectional elevational view the distal end of the mstrument must be inserted 

of FIG. 3. throug h a trocar or canulla to^ain access to the opera - 

FIG.:4B is a cross-sectional view taken along the lines ti ve region . The trocars or canuUas used in laparoscopic 

4B-r-4B of FIG. 3. 40 surgerylbr access to the peritoneal cavity generally 

FIG. 5 is a part cross-sectional top view of FIG. 2 have an inside diameters of 5 mm or 10 nmi. As can be 

illustrating the collapsability of the loop electrode. seen in FIG. 1, the loop electrode when ftilly extended 

FIG.: 6 is a partial cross-sectional left elevational side : has a radius which exceeds that of the distal end of the 

view of FIG. 5. instrument thereby requiring that the loop be with- 

FIG. 7 is a partial cross-sectional view of FIG; 5 45 drawn.into the instrument before insertion through the 

illustrating the complete retraction of the Ipop elec- trocar to reach , the operative region, 
trode into the housing. Rdemng again to FIG. 1, an . electrosurgical loop 

FIG. 8 is a left side elevation^ cross-sectional view of electrode instrument is shown having a housing 1 which 

FIG. .7. is comprised of a handpiece .2 and an i nsulating ou ter 

FIG. 9 is a perspective view of another embodiment 50 tube3. As can be seen in FIG. 1, Uie houSng i is gener- 

of the endoscopic electrosurgical loop electrode instru- ally symmetrical about longitudinal axis 4. At the distal 

ment of this invention. end 6 of the .insulated outer tube a wire electrode 7 

FIG. lO.is a perpective view of the embodiment illusr extends continuously and is b part disposed*^tfiin^ 

trated in FIG. 9 where the radius of the loop electrode pair of spring insul a tion sheaths 8 and:8' . As can more 

is changed by withdrawal of the loop electrode into the 55 clearly beseen in rto.i, a pau- ot mtcmally jiascd fla t 

housing.- . l eaf springs 9 and 9' are oppositely spaced Irqm eac h 

FIG. .11 is a part cross-sectional top view of FIG:. 9. other latCTally of the longiiuomai axis ol the housin g 

FIG. 12A is a left side cross-sectional elevational and are at least in part aiso disposeo m ana enciosea p y 

view of FIG .11.: s&a^s.,3.and-84 The wire electrocle 7 has a first end 

FIG. 12B is a cross-sectional view taken along the. 60 segment 11 and a second end segnient ll' which extend 

lines 12B—12B of FIG. ll through sheaths 8 and 8' respectively and are integrally 

FIG. 13. is a part cross-sectional top view of FIG. 10 connected by bridge segment 12 forming a continuous 

illustrating the collapsability of the loop electrode. : closed wire loop. 

FIG. 14 is a partial cross-sectional left elevational side FIG. 2 illiistrates the withdrawal of the wire elec- 

vicw of FIG. 13;:. 65 trode 7 into insulated tube 3. As can be see in FIG: 2 as 

FIG. 15 is a partial cross-sectional view of FIG. 10 the leaf springs 9 and 9' are laterally collapsed during 

illustrating the conntplete retraction of the loop : elec- retraction into insulated outer tube 3, the radius of the . 

trode into the housing..; bridge segment. 12 of the, wire loop decreases which 
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changes the curvature of the loop electrode and conse- duit 33, chamber 39 and lumen 41 is bidirectional, i.e., a 

quently the cutting angle of the wire. As can further be single flow path for both irrigation and evacuation of 

seen in FIG. 2, the housing comprises an adjustment fluid. 

member 13 which has an opening at its proximate end FIG. 5 represents a top view of the electrosurgical 
14 for receipt of the connector 16 from the electrosnrgi- 5 loop electrode instrument with the wire electrode 7 
cal generator 17. By referring to FIG. 4A, the adjust- partially withdrawn into cohduit cavity 34. Spring 
ment member 13 can be seen in cross-section and the . members 9 and 9'. are insulated by sheaths 8 and 8' and 
electrical connection extending axially between the as the wire electrode is withdrawn into metallic conduit 
connector 16 and the wire 7 demonstrated along with 33 through distal opening 36, the leaf springs are colj- 
the internal structure of the housing. The connector 16, 10 lapsed laterally towards each other and the radius of the 
as can be seen in FIG. 4A, has an internal wire 18 which bridge segment 12 of wire electrode 7 is sequentially 
is surrounded by insulation 19 and passes through the reduced until the leaf springs have been collapsed a 
opening 14 located at the proximate end 21 of the ad- maximum distance laterally by the force exerted against 
justment member 13. Longitudinally . extending cylin- them by the inner wall 32 of metallic conduit 33. 
dricai cavity 22 communicates with the opening 14 for 15 A left side-elevational view of FIG. 5 is shown m 
receipt of connector 16; the connector 16 is in fixed FIG. 6 illustrating the wire electrode partially with- 
relationship with the adjustment member 13 within drawn into the housmg. The bidirectional arrows CC 
cavity 22 which precludes any relative axial displace- shown in FIG. 5 illustrate the axial displacement of 
ment between them. Proceeding distally from the proxi- metal shaft 24. As can be seen in FIG. 5, metal shaft 24 
mate end 21 of adjustment member 13, it can be seen 20 is surrounded at least in part by insidation 26. Complete 
that internal wire 18 is fixed in electrical communication retraction of the loop electrode 7 into the conduit cavity 
with conducting member 23 which in turn is in electri- 34 is show in FIGS. 7 and 8 where FIGS. 7 is a top view 
cal communication with an axially extending metal of the instrument and FIG. 8 is a left elevational side 
shaft 24 surrounded by an insulating material 26. The view in partial cross-section. The bidirectional arrow 
insulating material is integral with the metal shaft and 25 DD' shown in FIG. 7 illustrates the axial displacement 
upon proximate axial displacement of the adjustment of metal shaft 24 and the complete retraction of the wire 
member 13, metal shaft 24 may be displaced axially electrode into the housing. Thus, an embodiment of this 
relative to the housing so as to withdraw wire electrode invetion has been shown of an electrosurgical loop 
7 proximately and sequentiaUy into insulated outer tube electrode instrument for use in laparoscopic surgery 
3. The movement axially of adjustment member 13 is 30 where the wire electrode 7, by withdrawal or extension 
illustrated by the arrow A-A' shown in FIG. 2. of an insulated internal metal shaft, may be varied in 
Continuing with the electrical communication be- radius thereby allowing the surgeon to conveniently 
tween the metal shaft 24 and the wire electrode 7, refer- vary the cutting radius of the wire electrode to perform 
ence is made to FIGS. 3, 4A and 4B. FIG. 43 is a cross- a resection or removal of endometriosis or for morcella- 
sectional view taken along the line 4B— 4B of FIG. 3 35 tion of myomas, ovaries or other masses, 
and as can be seen in FIG. 4B, the proximate ends 27 Another embodiment of this invention is shown in 
and 27' of leaf springs 9 and 9' are in contact with the FIGS. 9 through 16. In this embodiment of the inven- 
first and second end segments 11 and 11' respectively of tion, the instrument housing is identical to the housing 1 
the wire electrode 7. A casing 28 made of a conductive illustrated in FIGS. 1, 2,3 4A and 4B. Referring, how- 
material is in electrical communication with both the 40 ever, to FIG. 11, it can be seen that at the distal end of 
metal shaft 24 and the first end and second end segments the housing when the loop electrode is fully extended, 
11 and 11'. The proximate ends of leaf springs 9 and 9' the bridge segment 12' of loop electrode T is substan- 
are in fixed relationship with metal tube 24 and thus tially perpendicular to the longitudinal axis 4' of the 
axial displacement of the metal tube 24 will result in a instrument In this embodiment of the invention, the leaf 
like displacement of the leaf springs 9 and 9*. A spacer 45 springs 10 and 10' are internally biased such that when 
member 29 which is made of an insulated material en- the springs are fully extended from the housing their 
closes the casing 28 and has spacer prongs 31 extending curvature is convex with respect to longitudinal axis 4'. 
radially therefrom which are in slideable and rotational Thus, upon extension from the housing the distal ends 
contact with the inner .wall 32 of metallic conduit 33. of the leaf springs will be laterally spaced from each 
Referring now to FIG. 4A, it can be seen that metallic 50 other at a greater distance than in the embodiment 
conduit 33 extends axially within housing 1 and at its shown in FIGS. 1 through 8. The wire electrode T 
distal end is surrounded by insulated outer tube 3. Thus, therefore extends vertically and is substantially perpen- 
spacer member 29 maintains metal shaft 24 substantially dicular to the longitudinal axis presenting an increased 
centered within conduit cavity 34 of metallic conduit loop radius for the. removal of endometriosis or morcel- 

33. Conduit cavity 34 permits the introduction of irri- 55 lation of myomas, ovaries or other masses. 

gating fluid into the operative region of the patient FIGS. 13, 14, 15 and 16 illustrate the withdrawal of 

through distal opening 36 and also the evacuation of wire loop 7' into the housing 1 and it can be seen in FIG. 

vapor or smoke. 13 that because of the convex internally biased shape of 

Evacuation of vapor from the operative region oc- leaf springs 10 and 10', that upon withdrawal through 

curs through distal opening 36 and the plurality of ori- 60 distal operdng 36 into the housing, a larger loop radius 

fices 37 which are contained in the distal end of insu- of wire electrode T is permitted as compared to the 

lated outer tube 3. These orifices extend through metal- radius of loop electrode 7 in FIG. 5. Thus, through the 

lie conduit 33 to communicate with the conduit cavity utilization of internally biased convex leaf springs 10 

34. The proximate end 38 of metallic conduit 33 com- and 10', larger loop diameters are permitted for resec- 
municates with chamber 39 which in turn communi- 65 tion and morcellation. FIG. 14 is a left elevational side 
cates with the lumen 41 of fluid connector 42. Line B-B' view in part cross-sectional view of FIG. 13 and shows 
shown in FIGS. 1, 2 and 4A illustrates that the fluid the partial withdrawal of electrode T into conduit cav- 
flow through the passageway comprising metallic con- ity 34. By referring to FIGS. 15 and 16, the complete 
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withdrawal or retraction of loop electrode T into the ■■ of adjustment member 13 or axially to achieve the axial 

homing is illustrated. It is in this cozifiguration that the displacement or rotationally to rotate metal shaft 24 

electrode is introduced into the operative region of the within the housing. Thus, the structure of the instru- 

body by passage through the trocar or cannula (not ment permits not only the attitude change of the bridge 

shown) after which by ajdal displacement of axially 5 segment 12" as the wire electrode 7" is withdrawn from 

extending metal shaft 24 loop, electrode T inay .be se^ the housing but also permits the surgeon to rotate wire 

quentially opened and in its folly opened position, pres- electrode 7" thereby omnidirectionally controlling the 

ent an infinite radius of curvature for maximizing the position and attitude of the looped bridge segment 12". 

morcellation of myomas, ovaries or other body, masses. . By referring, to FIGS. 19 and 20B| it can be se^ that . 

Referring to FIG. 12B,' which is a cross-section in the 10 wire: electrode 7" has a predetennined shape in its fully 

direction of line 12B—12B shown on HO. 11, it can he : extended or eqmbilinmi position from the housing 

seen that the first and second end segments, respec- where the first and second end segments 15 and 15' : 

tively,; 15 and 15' are in contact with the proximate ends laterally intersect the longitudinal axis 4" in an overlapr 

10 and 10' respectively of the leaf springs. The springs ping configuration and thereafter; have abrupt changes 

in turn are in electrical communication with metal shaft 15 in slope or direction and then again intersect the longi- 

24: thereby placing the Ibop electrode T in electrical tudinal axis 4" intermediate the distal end of the housing 

conununication with 'electrosurgical generator 17. Al- and the first intersection of end segnaents 15 and 15'. 

though, not shown in the figures of this invention, but The proximate ends 43 and 43' of end segments 15 and 

' well known in the prior art, the electrosurgical genera- 15' are shown in cross-section in FIG. 20B. Proximate 

tor may be selectively energerized to permit, current to 20 ends. 43 and 43' are in electrical communication with 

flow from the generator, to the loop and into the pa-. axially extending metal, shaft 24.: Referring again to 

tient's body which is grounded. The heat generated by FIG. 20B, it can be seen that proximate ends 43 and 43' = 

the flow of current into the body is of sufficient inten- are incased by insulated casing 28' which is crimped to 

sity to permit resection or morcellation of body tissue, metal shaft 24. Spacer member 29 through spacer 

Since cutting occurs where the wire electrode is in 25 prongs 31 which exteiid radially firom spacer member 

contact with the body, the ability to change the radius 29, is in slideable and rotational contact with the inner 

of the cutting loop during laparoscopic surgery is of \yall 32 of metallic conduit 33. Thus, as in the previous 

great advantage. It is also advantageous to have an embodiments, rotation of metal shaft 24 will rotate 

electrosurgical loop electrode where the attitude of the spacer member 29 within conduit cavity 34 which per- 

loop can be varied during laparoscopic surgery by the 30 mits bridge segment 12" of wire electrode 7" to be 

surgeon to facilitate: access to tissue which is to be re- rotated through 360 degrees. 

sected or morcellated during the surgery. An mstru- FIGS. 21, 22, 23, 24, 25 and 16 illustrate the attitude 

ment to permit such controllable loop attitude is yet change of bridge segment 12" as the first and second 

another embodiment of this invention and is described end segments 15 and 15' of wire loop electrode 7" are 

hereafter. 35 withdrawn into the housing. As can be seen in FIGS. 22 

Another embodiment of this invention is shown in and 24, as the wire electrode proceeds proximately into 
FIG. .17. The structure of . the housing in FIG. 17 is the housing the attitude of bridge segment 12"; articu-. 
identical to the housing described above in the first two lates toward the vertical. Likewise, as can be seen in 
embodiments of this invention; however, the embodi- FIGS. 21 and 23, which are top views of the wire elec- 
ment described hereinafter contains a loop electrode 40 trode, illustrating the shape of the electrode changes as 
which has a predetennined or "memorized" shape and : it sequentially is withdrawn into the housing. The con- 
is self-biased such that external forces exerted oh the : figuration of the loop electrode after complete retrac- 
first and second segments by insulated metallic conduit tion into the housing is shown in FIG. 25 in a partial : 
33 during retraction of the wire into the housing col- cross-sectional view and FIG. 26 illustrates a left side 
lapses the loop: through :a sequence of predetermined 45 view of FIG. 25 in partial cross-section, 
shapes which permits the surgeon to selectively change FIGS. 27 A, B, C & O illustrate the use of the dectro- 
the attitude of the loop during laparoscopic surgery by . surgical loop electrode to resect tissue. As can be seen > 
axial extension , or retraction of metal shaft member 24. in the Figures, a grasper tool 46 is introduced through a 
FIG. !17 illustrates the loop electrode in a fully extended trocar or cannula into the operative region and is posi- 
pdsitions which represents the equilibinun position or. 50 tioned within the wire loop to grasp the segment of 
"remember*; shape of the metal loop alloy. Referring . body tissue 47 and lift it: through, the enclosed loop 
again to FIG. 17, the wire electrode 7" has first and region. Thereafter, the electrosurgical generator is se- 
second segments 20 and 20' which are insulated and : lectively activated to. permit current to flow into the 
integrally connected to bridge segmLent .12" of the wire loop and into, the patient's body, which is at a ground 
electrode. As can be seen in FIG. 18, as the wire dec? 55 potential. .Although not shown, a valve means commu- 
trode is withdrawn into the housing^ , first and second : nicating with lumen 41 for sdectivdy providing either 
end segments 20 and 20' sequentially collapse resulting irrigating fluid or evacuating the vapor or smoke gener- 
in a sequential change in the shape and attitude of the ated during, the cutting process, is interposed between 
bridge segment .12'' of the wire dectrode. As can .be fluid connector 42 and a suction/irrigsition pump, 
seen by comparing FIG. 17 and FIO. . 18, the attitude of 60 The preferred materials for use in the wire loop elec- 
the. wire loop in FIG. 18 has shifted approximatdy 90 trode of the loop controllable attitude are materials • . 
degrees from the attitude of the loop as shown in FIG. which permit the. wire dectrode to be pre-fornied and . 
17. to have the property of being sdf-biased to bias the wire 

The axially extending metal shaft 24 is in dectrical to return to its equibilinim position. Alloy blends of 

communication with wire loop 7" whidi is illustrated in 65 Titanium and alloy blends of stainless sted are presendy 

FIGS. 19,= 20A and 20B^ Shaft: member 24 is shdeably available and possess the physical properties to permit, 

mbuntejd within the housing and may be displaced axi- the loop dectrode during withdrawal or retraction into 

ally and rotationally within the housing by movement the housing to proceed through a sequence of predeter- 



04/14/2004, EAST Version: 1.4.1 



5,437,665 



mined shapes resulting from the internal bias of the 
wire; likewise, upon extension of the loop electrode 
from the housing, the loop electrode will proceed 
through the sequential shapes and attitude changes until 
it is fully extended to its equibilirum position. Other 
alloy blends having the physical property above- 
described wouldbe suitable also as electrode loops. 

While I. have shown and described certain embodi- 
ments of the present electrosurgical loop dectrpde in- 
strument for laparoscopic use, it is to be understood that 
these emodiments are subject to many modifications 
without departing &om the scope and spirit of the 
claims as recited herem. 

What is claimed is: 

1. An electrosurgical instrument for selectively con- 
trolling the attitude of a loop electrode during laparo- 
scopic surgery comprising: 

(a) a housing having a longitudinal axis, a proximate 
and distal end, and an axially extending cavity 
.forming a passageway therethrough; 

(b) a shaft member having a proximate and distal end 
carried by said housing and slideably mounted 
within said cavity to permit axial and rotational 
displacement of said shaft member relative to said 
housmg; 

(c) a wire electrode having a first end segment and a 
second end segment where said first and second 
end segments have distal and proximate ends and 
said piroximate ends are in electrical communica- 
tion with said shaft member, said first and second 
end segments having a predetermined equilibrium 
shape when said first and second end segments are 
not in bearing engagement with said housing, and 
where said first and second end segments are resil- 
iently self-biased to return to said equilibrium shape 
when said distal ends of said first and second end 
segments are laterally displaced by bearing engage- 
ment of said first and second end segments with 
said housing, said wire further having a bridge 
segment integrally interconnecting said distal ends 
of said first and second end segments forming a 
loop and where the vertical attitude with respect to 
said lateral displacement and the shape of said 
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selectively controlling the flow of fluid through said 
single flow path. 

3. An electrosurgical selectively controllable loop 
electrode for laparoscopic surgery comprising: 

(a) a housing having a longitudinal axis, a proximate 
and distal end, and an axially extending cavity 
. forming a passageway therethrough; 

(b) a shaft member having a proximate and distal end 
carried by said housing and Slideably mounted 
within said cavity to permit axial and rotational 
displacement of said shaft member relative to said 
housing; 

(c) a wire electrode having a first end segment and a 
second end segment where said first and second 
end segments are in electrical oonmiunication with 
said shaft member and extend distally of said shaft 
member, said wire electrode having a bridge seg- 
nient mtegrally interconnecting said first and sec- 
ond end segments forming a loop; 

(d) bias means carried by said shaft member and in 
sufficient bearing engagement with said first and 
second end segments for resiliently biasing said end 
segments such that external forces exerted by said 
housing on said bias means during proximate re- 
traction of said electrode wire into said cavity of 
said housing collapses said loop through a sequence 
of predetermined shapes of decreasing concavity 
and upon extension of said wire electrode from said 
cavity distally of said housing expands said loop 
thix>ugh a sequence of predetermined shapes of 
increasing concavity, said bias means comprises a 
pair of leaf springs of predetermined curvature 
having a distal and proximate end where the proxi- 
mate end of each said spring is rigidly attached to 
said shaft member adjacent the distal end thereof 
and where said springs are internally biased to open 
upon extension of said springs distally from said 
housing cavity and to close upon external force 
exerted by said housing against said springs during 
retraction into said housing cavity. 

4. The electrosurgical instrument recited in claim 3 
wherein the leaf springs have an infinite raditis of curva- 
ture. 

5. The electrosturgical instrument recited in claim 3 



bridge segment are contemporaneously responsive 45 wherein the curvature of said leaf springs is convex 



to said lateral displacement such that upon sequen- 
tial lateral displacement of said distal . ends of said 
first and second end segments from said equilib- 
rium shape the attitude of said bridge segment ar- 
ticulates vertically with respect to said distal end 50 
displacement of said first and second end segments 
and the shape of said bridge segment articulates 
through a sequence of predetermined shapes 
whereby the external force exerted on said first and 
second end segments by said housing during retrac- 
tion of said wire into said housing collapses said 
bridge segment through a sequence of vertically 
articulating predetermined shapes and upon exten- 
sion of said wire from said housing said bridge 



relative to said longitudinal axis. 

6. The electrosurgical instrument recited in claim 3 
where the curvature of said leaf springs is concave 
relative to said longitudinal axis, 

l\ The electrosurgical instrument recited in claim 4 
wherein, said housing has a fiuid port communicating 
with said cavity defining a single flow path for the 
irrigation or evacuation of fluid and valve means for 
selectively controlling the flow of fluid through said 
55 single flow path. 

8. The electrosurgical instrument recited in claim 5 
wherein said housing has a fluid port communicating 
with said cavity defining a single flow path for the 



irrigation or evacuation of fluid and valve means for 
segment of said electrode loop expands through a 60 selectively controlling the flow of fluid through said 
sequence of vertically articulating predetermined single' flow path. 

shapes; 9. The electrosurgical instrument recited in claim 6 

(d) means for electrically connecting said shaft mem- wherein said housing has a fluid port conununicating 
ber to a power supply. with said cavity defining a single flow path for the 

2. The electrosurgic^ instrument recited in claim 1 65 irrigation or evacuation of fluid and valve means for 
wherein said housing has a fluid port communicating selectively controlling the flow of fluid through said 
with said cavity defiiiing a single flow path for the . single flow path, 
irrigation or evacuation of fluid and valve means for # ♦ » ♦ • 
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